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Abstract: The compound 3-(2-chloro-3,3,3-trifluoro-1-propenyl)-2,2-dimethyl-cyano(3-phenoxyphenyl) methyl 
cyclopropanecarboxylate which is known as lambda cyhalothrin, is an insecticide of broad spectrum and be used in agriculture, 
to reduce the loss in crops, as its attack of some pests.  This compound has the presence of the radicals chlorine, fluorine and 
cyano, which can cause serious effects on human health when ingested.  Because of this, the need of develop non - destructive 
methods, which has the capacity of determining the concentration of the pesticide in farming, for eradicate the presence of this 
substance on the fruit which was used for food.  To achieve this, commercial lambda cyhalothrin and distilled water were used 
to obtain the recommended dilutions for the treatment of various pests in agriculture.  The samples were analyzed through 
colorimetry, and the characteristic color spaces for the pesticide were obtained, with a correlation of 0.92 for the parameters a 
and b, and 0.98 for parameter L, which was the brightness.  The Cab chroma and Hue angle were determined in 9.72 and 275° 
respectively for the pure compound, however, in the dilution, the value of Hue angle of the compound decreased to 220°.  
Through neural networks in Matlab, the relationship between the reflection spectrum and the dilutions with the concentration 
was established.  The accuracy of estimating a prediction is higher than 0.98 in the coefficient of determination. 
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1  Introduction 
Currently, in order to control crop pests, the farmers 
are using chemical pesticides (Sparling, 2016). However, 
most of compounds which has used are synthetic, but it is 
not normal to find these insecticides in the environment 
(Ensley, 2016; Gupta, 2016). Insects are one of the most 
abundant pests in agriculture, especially in crops of fruit 
trees, due to their high content of vitamins and minerals 
(Bhat and Paliyath, 2016; R et al., 2002). 
The lambda cyhalothrin compound have the IUPAC  
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name as 3-(2-chloro-3,3,3-trifluoro-1-propenyl)-2,2- 
dimethyl-cyano(3-phenoxyphenyl) methyl 
cyclopropanecarboxylate. It is widely used in different 
types of crops such as citrus trees, almond, corn and so on, 
in order to control the population of insect pests such as 
beetles and Lepidoptera (Wang et al., 2007; Rancic, 
2008). Among the main species of insects which are 
controlled, are the red spider (Tetranychusspp), the 
ladybug of the potato (Leptinotarsadecemineleata), and 
so on. (Fernández-Álvarez et al., 2007; Quijano et al., 
2016). The action of method is to affect the flow of ions 
in the cell membrane, then the communication between 
cells is interrupted, and in high doses it can cause 
paralysis and eventually death (Quijano et al., 2016; 
Shukla et al., 2016; Wang et al., 2016; Zhen and Gao, 
2016). Without a proper washing of food, the insecticide 
can reach the human, so it can generate a dangerous 
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poisoning, especially in agricultural areas where this 
product is handled. 
To determine the pesticides in the fruit, it is gradually 
developed a series of analytical processes, which can 
isolate the compound of interest (Rijke et al., 2006). 
However, most current methods are destructive 
techniques, therefore, the analyzed sample is no longer 
available for consumption, moreover, these techniques 
require more time to get the answer in the concentration 
of the pesticide (Barnett et al., 2013; Shen et al., 2011; 
Nguyen, 2008). Nowadays, they are implementing 
non-destructive techniques for measuring the 
concentration, such as colorimetry. The measuring 
process is that a light beam impinges on the sample and 
each wavelength of the reflected light is detected by the 
spectrophotometer (Singleton, 1965; Meng et al., 2015). 
There are different scales of measurement of color, and 
the most important are color spaces: CIE Lab and CIE 
XYZ (Korifi et al., 2013; Pérez et al., 2016; 
Pérez-Magariño and González-Sanjosé, 2003). 
Recently, in order to deepen the relationship, they are 
using neural networks. These are a form of machine 
learning that were based on the nervous system, with 
which is a group of neurons working together to find an 
answer to certain inputs 2016). This type of network has 
been used for the prediction of solar radiation in different 
parts of the world, such as predicting the physicochemical 
properties of different compounds among others (Chiteka 
and Enweremadu, 2016; Bahrami and Ardejani, 2016). 
Based on the above, the analysis of the pesticide 
lambda cyhalothrin and the characterization of different 
solutions with water is presented in this paper. To find a 
neural network which has the ability to predict the 
concentration of the pesticide based on the intensity and 
the characteristic peaks of the reflection spectrum for 
each of the samples. 
2  Materials and methods 
The samples used for colorimetry, were commercial 
lambda cyhalothrin normally which were used in citrus 
crops, almond crops, corn crops, among others. In order 
to verify the presence of the pesticide, some 
physicochemical properties were compared with values 
that were found in the literature. The characterization of 
the pesticide and the samples were made at the campus of 
the Military University Nueva Granada in Cajicá, 
Colombia. This place was chosen because it is an area in 
which the insecticide was used in different crops. The 
measurements were made with the same temperature and 
humidity of the environment, and the pesticide is handled 
by a farmer. The temperature during the experiment was 
19°C. 
Distilled water and the commercial version of the 
pesticide was used in the preparation of the dilutions. In 
Table 1, the amounts of water and pesticide employed 
were shown with which the colorimetry measurements 
were performed. 
 
Table 1  Lambda cyhalothrin solutions 
 Marker Pesticide volume, mL Distilled water volume, mL
Pure Pure 10 0 
Solution 1 S1 5 5 
Solution 2 S2 5 10 
Solution 3 S3 5 70 
Solution 4 S4 5 90 
Solution 5 S5 5 130 
Solution 6 S6 5 180 
Solution 7 S7 5 230 
Solution 8 S8 5 280 
Solution 9 S9 5 330 
 
First, the concentration of each solution was 
determined, for which the Equation (1) was used, it 
comes from the definition of concentration, where it is 
equals to the mass over the volume. The initial 
concentration of Lambda Cyhalothrin was 50 g L-1. 
C1×V1 = C2 × V2                  (1) 
In order to determine the molar concentration and the 
ppm for each dilution, the Equation (2) and (3) were used 
respectively. The MW value was the molecular weight, C 
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A non-contact spectrophotometer Flame-S of Ocean 
Optics was used (Figure 1, No. 2), which had a detector 
DET2B with a detection range from 200 to 1100 nm, 
using a slit INTSMA-025. Each measure was taken in 
quartz cells of 1 cm, with a light source of deuterium and 
tungsten lamps from Ocean Optics (Figure 1, No. 1). A 
fiber of reflectance of premium grade of 400 µm with 
solarization-resistant was used, with a range of length 
similar to the wave detector. Calibration of the instrument 
was performed using a standard diffuse reflectance of 
Ocean Optics made of polytetrafluoroethylene (PTFE). 
 
Figure 1  Mounting used during the experiment 
 
The OceanView® software version 1.5.2 was used, to 
obtain the data of each of the samples, hence, the Hue 
angle, the Cab chroma, the space color CIE LAb and CIE 
XYZ parameters were obtained. The ambient temperature 
was defined at 19°C. Each measure for each sample was 
repeated three times. The Cab chroma Cab (Figure 2) 
indicates the color quality, which is the saturation of the 
same, for example, the color gray has a low chroma value, 
while a bright red has high values. Hue angle parameter is 
the base color of the sample. The wavelength has more 
weight in the spectrum of visible light, and this is 
positioned on the color wheel in degrees. 
 
Figure 2  Representation of Hue angle and Cab chroma 
The CIE Lab and CIE XYZ color spaces, are the 
regulations which were most commonly used for 
standardization of color, in order to replicate the color 
having a standard. For the space CIE Lab, the letter L 
indicates the brightness of the sample, the letter a* is the 
scale of green - magenta, for low and high values 
respectively, while the letter b* indicates the relationship 
between blue and yellow colors. The CIE XYZ color 
space, seeks to represent how the human eye perceives as 
colors, wherein the parameter X represents the sensitivity 
to red and green of the cones L and M. The parameter Y 
indicates the brightness and the Z parameter represents 
the stimulation of blue color (Cones S, spectral peaks in 
short wavelength). These parameters were normalized by 
Equations (4) to (6). This normalization indicates the 
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Matlab R1026a® software was used to determine the 
average and standard deviation of each sample by 
triplicate. Additionally, the spectra of wavelength and 
intensity of each dilution was carried out, meanwhile, the 
relationship between the change in the spectrum with the 
concentration of each sample was determined. 
Using the three data of each sample (assayed by 
triplicate, 3 data × 9 samples), a neural network was 
trained in Matlab, where the input parameters were the 
reflection spectra, and the output parameter was the 
concentration of the sample. The network’s obtained was 
based on the Equations (7) and (8). Where Hw and Ow are 
the weights of the hidden layer and the output layer 
respectively, while Hb and Ob were the ways, which 
resemble a linear correlation, considering that each 
parameter was a matrix that relates the variables. 
tan ( )L W bH sig H input H= × +          (8) 
w L boutput O H O= × +          (9) 
In order to verify the neural network, it was tested 
with the average of each sample by triplicate, due to their 
concentration values were known. Furthermore, a second 
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test was performed, for which the intermediate spectra 
between each of the solutions were determined. To 
determine the concentration of these spectra, it 
approached a linear relationship, thus the average of the 
two concentrations was take. This same procedure was 
performed; however, the data was normalized, in order to 
obtain a second response at the output of the neural 
network. 
3  Results and discussion 
The Lambda Cyhalothrin with IUPAC name of 
3-(2-chloro-3,3,3-trifluoro-1-propenyl)-2,2-dimethyl-cya
no(3-phenoxyphenyl) methyl cyclopropanecarboxylate, is 
a broad-spectrum insecticide in Table 2. In the 
degradation of the compound, it can generate more toxic 
compounds due to its radicals chlorine, fluorine and 
cyano. 
Table 2  Lambda cyhalothrin data 
lambda cyhalothrin 
Concentration 50 G L-1
Formula C23H19ClF3NO3
CAS 91465-08-9 
MW 449,9 G mol-1










Table 2 shows the identification of the insecticide, it 
should be noted that its density is greater than water, 
which in water tanks, this substance will have a 
preference to fall, increasing the pollution of the soil. The 
commercial version had 1, 2-propanediol as important 
part of its mixture. This compound did not affect the 
insecticide properties of the compound, however, that is 
used to improve the colligative properties of the 
compound, in order to avoid being washed away by rains 
and to prevent his evaporation when it is exposed to 
sunlight. 
Equations (2) and (3) were used, in order to obtain the 
concentrations of the prepared solutions. In Table 3, the 
molar and the ppm concentrations were shown. The 
technical specifications of the compound, recommended 
in the case of citrus from 10 to 20 mL of the commercial 
version per hecto liter of water. However, depending on 
the type and severity of the infestation, it can increase the 
concentration to 350 mL per hecto liter. 
 
Table 3  Molar (mole L-1) and ppm (mg kg-1) concentration for 
each solution 
Marker Concentration (M) (ppm) 
Pure 0,1111 47303,7 
S1 0,0556 23651,8 
S2 0,0370 15767,9 
S3 0,0074 3153,6 
S4 0,0058 2489,7 
S5 0,0041 1752,0 
S6 0,0030 1278,5 
S7 0,0024 1006,5 
S8 0,0019 829,9 
S9 0,0017 706,0 
 
In the range of the measured concentrations, there 
were some of the recommended concentrations for pests 
combating. Water was used as solvent, as the pesticide 
way that farmers prepare for crops. From the data which 
was obtained by colorimetry, the Hue angle parameter 
was shown in Figure 3. 
 
Figure 3  Hue angle for the solutions of Lambda Cyhalothrin 
 
For the pure compound, the Hue angle was close to 
275°, which was equivalent to approximately 400 nm. A 
proportional relationship between the concentration of the 
pesticide and the base angle color was found. However, 
as the concentration decreases, the relationship began to 
inconsistencies. This parameter was related to the color 
saturation and the XYZ parameters (Table 4). In each one 
of the data, the standard deviation was shown. 
For the Cab chroma parameter, there was no 
relationship between the obtained values with the found 
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concentration. The CIE xyz color space was a clear 
descendant pattern. However, between pure solution and 
the first solution, the value increases, and this may be due 
to the addition of distilled water. In order to find the 
variable of greatest weight, the values were normalized 
basing on the Equations (4) to (6), thus the obtaining of 
the CIE xyz color subspace was shown in Table 5. 
 
Table 4  Color saturation and space color CIE XYZ 
StD Cab (chroma) X Y Z 
Pure 9.7163±0.0501 163.9433±0.4109 148.6400±0.4301 46.4433±0.1078
Sln 1 8.2690±0.1668 196.1066±0.9551 182.6366±0.9072 59.8833±0.0903
Sln 2 5.4753±0.0846 179.4433±0.6499 166.8633±0.6540 56.7733±0.1892
Sln 3 9.2473±0.0791 86.7633±1.4819 83.0433±1.4856 31.9566±0.3652
Sln 4 10.4893±0.0398 71.4300±0.3955 69.2366±0.4124 26.8366±0.1189
Sln 5 9.6756±0.0192 58.8900±0.7950 57.0533±0.8044 22.0333±0.2104
Sln 6 9.7913±0.3401 55.5933±1.3339 54.2600±1.1265 20.3300±0.4543
Sln 7 9.2590±0.0740 43.8833±1.3227 42.5500±1.3032 16.6833±0.3951
Sln 8 8.6373±0.0639 44.9266±0.4343 43.6200±0.4835 16.5000±0.0668
Sln 9 11.4370±0.1101 45.6600±0.5389 45.5033±0.5567 16.3333±0.1359
 
 
Table 5  CIE xyz sub-space color. 
 x y z 
Puro 0.4566±4.71E-05 0.4140±1.25E-04 0.1293±4.71E-05 
Sln 1 0.4470±2.05E-04 0.4164±2.45E-04 0.1365±4.50E-04 
Sln 2 0.4451±4.71E-05 0.4139±9.42E-05 0.1408±4.71E-05 
Sln 3 0.4300±2.62E-04 0.4116±5.72E-04 0.1584±7.79E-04 
Sln 4 0.4264±4.71E-05 0.4133±2.05E-04 0.1602±1.63E-04 
Sln 5 0.4268±1.63E-04 0.4135±4.19E-04 0.1596±5.79E-04 
Sln 6 0.4270±7.07E-04 0.4168±7.93E-04 0.1561±2.49E-04 
Sln 7 0.4255±3.68E-04 0.4126±5.44E-04 0.1618±9.09E-04 
Sln 8 0.4277±1.25E-04 0.4152±7.36E-04 0.1570±8.58E-04 
Sln 9 0.4248±1.41E-04 0.4233±3.74E-04 0.1519±4.99E-04 
 
The parameters y and z, had similar values for all 
solutions made, so these were not patterns that could 
relate to the concentration. However, in the parameter x, 
there exist a descendant pattern as the concentration 
decreases. The parameters x and y were the variables that 
have greater weight, which were indicating that the 
greatest variation was in the mix of the colors red with 
green and the luminosity.  
In addition to the color space CIE xyz, the 
colorimetry measures of the CIE Lab color space were 
taken. And the data were represented in the two - 
dimensional graphics, in Figure 4. At each point of the 
graph, the color of the point was the true color.  
 
Figure 4  Representation 2D of color space of CIE Lab 
 
In variables a* and L*, a proportional tendency 
between the values and the concentration of each sample 
was observed. However, the parameter a* presented 
problems in the identification of concentration when it 
was low. Therefore, this parameter was not selected to 
made measurements of this pesticide in agriculture. For 
the parameter b*, there was not a visible relation with the 
concentration. The trendlines of each parameter were 
determined and shown in Figure 5. In each of the points, 
the standard deviation of the data was graphed. 
Nevertheless, this value was not significant for any of the 
samples, indicating an adequate accuracy in data. 
 
Figure 5  Relationships for the CIE Lab parameters 
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There was a proportional pattern between the value of 
each parameter with the concentration of the dilutions. In 
order to find this relationship, the estimation of the 
characteristic equation for each parameter was made and 
these were shown in Table 6. Form some trendlines, it 
was observed that the prediction by interpolation was not 
significant. Thus, excluding the value of the pure 
substance, the equations were made. 
 
Table 6  Equations characteristics for CIE Lab parameters 
 Characteristic equation R2 
L y = 246572x3 – 51331x2 + 3092,8x + 68,299 0.9849 
a y = –59227x3 + 8453,4x2 – 90,681x – 3,4015 0.9201 
b y = 38486x3 – 6449,2x2 + 338,44x – 10,023 0.9202 
L* y = 1E+06x3 – 126247x2 + 4728,1x + 63,65 0.9948 
a* y = –7592,7x3 – 2417,8x2 + 250,45x – 9,7726 0.7923 
b* y = –498493x3 + 46885x2 – 929,53x – 1,0166 0.9363 
Note: * Equation without the pure sample. 
 
For L and b parameters, there was an increase in the 
coefficient of determination (R2) and thus improves the 
prediction data, however, for the parameter a, it decreases. 
This was mainly due to the low concentration values of 
the pesticide. Due to there was distortion, an analysis was 
performed by using neural networks, in order to find the 
appropriate pattern. The spectra which has been used 
were shown in Figure 6. 
 
Figure 6  Average of the color spectrums for each solution of 
lambda cyhalothrin 
 
In part A of Figure 6, there was a pattern of decrease 
in the intensity as function of the concentration of each 
sample. These were the input values of the neural 
network. The standard substance was the distilled water, 
which shows that the water does not interfere with the 
signal after the 550 nm. There was not peaks or valleys 
characteristic in the insecticide, it was reason why the 
analysis with neural networks was chosen to perform. 
The training of the neural network was performed by 
using the neural fitting module of Matlab® R2016a. It 
was used 149 neurons for the hidden layer, as training 
algorithm was used the Bayesian Regularization. The first 
test was performed with the average of the data which 
was taken by triplicate and described the section materials 
and methods in Figure 7. 
 
Note: With and without normalization. 
Figure 7  Test 1 of neural networks 
 
Test 1, was the most important, because the real 
spectrum with his concentration of the pesticide were 
known, and the coefficient of determination was greater 
than 0.99 for both cases. However, the neural network 
which was unnormalized obtained a better behavior in the 
predicting data. For both cases, the machine time used to 
obtain the network was less than a minute. In order to 
determine the behavior of the prediction for interpolated 
values, the test 2 was performed (Figure 8), as described 
in materials and methods section. 
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Note: With and without normalization. 
Figure 8  Test 2 of neural networks 
 
The test 2 had a better prediction of the data by using 
the network without normalization, and the values of the 
trend line were in Table 7. The coefficient of 
determination for the trendline without normalization was 
a unit higher than the other, due to a far point in the 
unnormalized data. Therefore, this neural network was 
not suitable for prediction of the data in that range of 
concentration. 
 
Table 7  Settings of the trendline. 
Goodness of fit: (Without normalization) Goodness of fit: (With normalization)
SSE: 2.509e-05 SSE: 0.1996 
R-square: 0.9872 R-square: 0.8698 
Adjusted R-square: 0.9851 Adjusted R-square: 0.8481 
4  Conclusions 
The preparation of pesticides in rural areas was a 
critical issue due to the inherent toxicity of pesticides 
used. Reason why, there was raised a method which has 
the ability to identify the concentration of a pesticide 
solution through colorimetry. Being a non - destructive 
technique, it was easy to implement and obtain results 
quickly. 
Lambda cyhalothrin was a broad-spectrum pesticide 
which was widely used in tropical crops, due to his 
presence of radicals chlorine, fluorine and cyano. 
However, due to these radicals, the decomposition 
compounds were highly toxic in the environment, hence 
it seeks to control the concentration of this in the fruit. 
The commercial version of the pesticide had a base color 
of 275 degrees in the Hue angle, with a color saturation of 
10.  
The characteristics equations between each parameter 
of the CIE Lab color space and the concentration of each 
one solution were determined. The coefficients of 
determination were above 0.92 for the parameters “a” and 
“b”, while for the parameter “L” (brightness), it was 
greater than 0.99. In the pattern of reflection spectrum, a 
relationship between signal intensity and concentration of 
the dilutions was found. A neural network was 
implemented, which was able to predict the concentration 
by inputting the spectrum which was taken by the 
spectrophotometer, with a correlation higher than 0.98 
using the unnormalized values. 
In future work, it should be considered that the 
training system, was applied for the pesticide on the fruit, 
in order to test the neural network and develop a complete 
system of lambda cyhalothrin detection in fruits. 
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